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| INTRODUC TI ON
The maintenance or improvement of the surgically achieved peri-implant bone levels is crucial for the long-term success and good aesthetic results of implant therapy. The process of bone remodelling around the implants has been considered a normal time-dependent phenomenon, particularly during the first year following the surgical implantation, to which contribute clinical, individual and devicerelated factors (Clementini et al., 2014; Hermann, Lerner, & Palti, 2007) . Platform switching (PS), defined as the act of changing an implant abutment to one with a smaller diameter in order to place the implant-abutment interface medial to the edge of the implant platform, is a prosthesis-modifiable factor that has been reported to have a positive effect in marginal bone levels (Canullo & Rasperini, 2007; Lazzara & Porter, 2006; Vigolo & Givani, 2009 ).
Some authors have advanced with a biological rationale supporting the platform-switching concept, related to the increase in the horizontal peri-implant biological width (Cochran et al., 2013; Farronato et al., 2012) and correspondent reduction in the inflammatory sulcus infiltrate that contributes to the process leading to bone resorption (Broggini et al., 2006) . Other authors claim that the effect is due to a reduction in the stress transmitted to the peri-implant bone, which establishes a more favourable biomechanical situation (Maeda, Miura, Taki, & Sogo, 2007) .
Nevertheless, the clinical results associated with the feature are contradictory. While some randomized clinical trials corroborate the theories showing approximately 0.3 mm lower bone loss at short term and medium term, others fail to detect such differences between switched and matched restorative components (Enkling et al., 2011; Pieri, Aldini, Marchetti, & Corinaldesi, 2011) . Systematic reviews on the concept of platform switching and the effect on peri-implant bone resorption stress the high heterogeneity of results arising from studies with unclear and high risk of bias and emphasize the urgency for prospective, randomized controlled clinical studies with limited confounders and long-term results (Annibali et al., 2012; Atieh, Ibrahim, & Atieh, 2010; Strietzel, Neumann, & Hertel, 2014) .
Under this assumption, it has been strongly advised that clinical investigations on the effect of platform-switching should consider uniform design, preferably presenting comparable conditions regarding the implant and abutment diameter, the implant-abutment connection type, the implant surface at the neck portion and insertion depth as well as longer observation periods of at least 5 years, that is, excluding or exactly documenting possible confounding factors.
The present study aims at that literature gap and was designed to compare the clinical performance and radiographic marginal bone level changes in implants with similar outer geometry and internal connection restored with platform-switching or platform-matching prosthetic components after 5 years of function. Our hypothesis was that the true difference in marginal bone levels of implants restored with PS prosthetic components and those restored with PM components would lie outside of a clinically unimportant equivalence margin of 0.2 mm.
| MATERIAL S AND ME THODS

| Trial design
The study was designed as a multicentre randomized controlled trial of parallel group design, with 1/1 allocation ratio, to evaluate radiographic bone level changes associated with the use of platform-switching or platform-matching abutments on CAMLOG ® SCREW-LINE implants after 5 years of clinical service.
| Participants
Adult patients (18 years or older) requiring an implant-supported prosthesis in the posterior mandible to replace two or more adjacent teeth and able to understand and sign a written informed consent form were eligible for this study. Inclusion criteria required healed edentulous sites bounded mesially by a natural tooth with adequate bone volume for the insertion of dental implants without bone regeneration procedures.
Patients with uncontrolled systemic diseases, bone-modifying medications, previous head or neck radiation therapy, inability to perform adequate oral health or smoking habits superior to 10 cigarettes/day were excluded. Local exclusion criteria included previ- 
| Interventions
Patients were given prophylactic antibiotic therapy at the discre- to use an extra-soft toothbrush in the site and to rinse three times per day with chlorhexidine (0.12%) until sutures were removed (7 days).
After a healing period of 8 to 12 weeks or 12 to 18 weeks in the case of type I-III or type IV bone, respectively, the definite abutments were fitted with 20 Ncm torque and the implants restored with single cement-retained crowns.
The mismatch of the PS group was 0.3 mm for the 3.8 and 4.3 implants and 0.35 mm for the 5.0 implants.
Follow-up visits were scheduled every 12 months after loading for the entire duration of the study.
| Outcomes
This study tested the null hypothesis that the clinical and radiographic performance of CAMLOG ® SCREW-LINE implants restored with platform-switching prosthetic components is not equivalent to that of the same type of implants restored with platform-matching prosthetic components, against the alternative hypothesis of equivalence.
The primary outcome measure was the peri-implant marginal bone level change from loading to each of the following annual appointments. Bone level measurements were performed on standardized intra-oral digital radiographs taken immediately after surgery, at prosthesis delivery, and at 12, 24, 36, 48 and 60 months post-loading. Consistent image projection geometry was obtained by the customization of a standard sensor holder (Dentsply rinn XCP-DS ® ) with acrylic to promote cross-arch stabilization and individualization of the extension cone paralleling system, as previously described by the authors (Guerra et al., 2014; Messias et al., 2013) .
In each radiograph, the distance from the implant shoulder to the first visible bone contact (DIB) at the mesial and distal aspects of the implant was measured to the nearest 0.1 mm using the soft- Mesial and distal measurements were subsequently averaged to determine mean implant bone level.
Secondary outcome measures were implant survival; implant success based on assessment of implant mobility, peri-implant radiolucency, peri-implant recurrent infection with suppuration and subjective complaints such as pain, foreign body sensation, and/ or dysesthesia, as defined by Buser et al. (2002) ; and complications and adverse events, assessed at any time point post-surgery.
Performance of the prosthetic components was also evaluated.
Additionally, plaque index (PI) and sulcus bleeding index (SBI) at accessible buccal, lingual distal and mesial sites on each implant were measured according to the criteria described by Mombelli, Oosten, Schurch, and Land (1987) annually up to 5 years. In both indexes, the implant received the worst score measured at the four sites. Pocket probing depth (PPD) was measured at the same sites, and the four values were averaged into a single value per implant.
| Sample size determination
The sample size calculations were performed considering that the study was designed as a parallel group trial to test for equivalence of peri-implant marginal bone level changes in the groups receiving switching or matching prosthetic components, from loading to 60 months.
Calculations assumed a nil effective difference between normally distributed groups with 0.3 mm SD and an equivalence limit of 0.2 mm.
Since the analysis of marginal bone level changes was planned for all patients at each annual follow-up after loading until study completion (with a total of five analysis), the power analysis significance level was adjusted for 0.01 to correct for multiple analysis and to maintain the overall false positive error rate at 0.05. At 80% power, 64 implants were required per treatment arm, corresponding to 21 (16 to 32) patients per group for randomization according to protocol. This number was increased by a factor of approximately 20% to compensate for possible losses to follow-up.
| Randomization and blinding
For allocation of the participants, an investigator with no clinical involvement in the trial generated the randomization sequence with 1:1 allocation ratio using random block sizes of 4 and 6. The allocation sequence was concealed from the clinicians enrolling the participants and performing the surgical procedures by the use of sequentially numbered, opaque and sealed envelopes that had been prepared by the independent investigator. Eligible patients were submitted to the standard surgical procedures, and if all inclusion criteria were met after the insertion of the implants, the envelopes were opened rendering the treatment group. The patient then received the corresponding PS or PM components in all implants installed at the edentulous site. The envelope would not be opened if any of the implants did not meet the inclusion criteria.
Though the prosthetic procedures were identical in the two groups, the differences in the geometry of the components prevented blinding of clinicians and assessors. No effort was made to keep the assignment concealed from the participants since it was not deemed to cause differential attrition.
| Statistical methods
Statistical analysis was carried out with the software IBM ® SPSS ® Statistics version 23.
Bone level changes from surgery or loading to 60 months were compared using a univariate approach. To evaluate the main effect of the randomization on DIB over time, a multilevel mixed effects model with random intercepts and slopes was built accounting for implant clustering within patients and centres, assigning a scaled identity structure for the covariance of random effects and a heterogeneous firstorder auto-regressive covariance pattern for the repeated measures.
The two one-sided tests (TOST) approach was applied on the estimated effect of randomization in order to assist decision-making regarding the null hypothesis of non-equivalence and considering the pre-specified equivalence margin of ±0.2 mm (Mascha & Sessler, 2011) .
Implant survival was analysed with Kaplan-Meier curve and the log-rank test. Clinical outcomes PI and SBI were evaluated with the chisquare test and PPD with the t test. Significance level was set at 0.05.
| RE SULTS
Preliminary results of the present work, which is now presented in the final version after 5 years of clinical service of the implants, have been reported by Guerra et al. (2014) and Rocha et al. (2016) .
Recruitment took place between May 2009 and November 2011
and 70 patients underwent surgery. After implant insertion, two patients did not meet the inclusion criteria and were excluded whereas the remaining 68 had their sites treated according to the allocated interventions. Ten of these patients were eligible to receive implants in both quadrants and underwent a second surgical protocol. This intervention was considered a protocol violation, and the implants were excluded from the analysis. During the follow-up period, a total of 6 patients dropped out: 4 patients (3 PS and 1 PM) could no longer be contacted after various attempts, one patient withdrew consent (PM), and one patient died of causes non-related to the device (PM). After 5 years, 60 patients attended the final appointment of the study, 31 had received PS components and 29 had received PM components with 65 and 63 implants, respectively. The study flow chart is represented in Figure 1 .
| Subjects and implants
Baseline demographic characteristics of the study population, as well as clinical parameters and implant distribution, are summarized in Table 1 . No major deviations generated from patient attrition during the 5 years. Patient compliance was reflected on the improvement of oral hygiene from the initial assessment to the end of the study (p < 0.01).
| Bone level changes
Marginal bone levels were measured for all patients that attended the final appointment, representing 128 implants. However, it
was not possible to extract data from the radiographs of the loading day in three patients, all with PM abutment (seven implants).
Consequently, bone level changes from loading to 60 months were only available for 121 implants (65 PS and 56 PM). Data from the remaining appointments were available for those implants and considered for the mixed effects model on DIB analysis over time.
A representative case of each group is presented in Figure 2 . Mean DIB over time is represented in Figure 3 . After surgery, both groups presented bone loss until the loading moment. From that point onwards, the PM matching group stabilized DIB whereas a recuperation trend was observed for the PS group until the 24-month follow-up. DIB stabilized for the PS group from that moment onwards. The mean estimated difference in the marginal bone levels of PS and PM restored implants after 60 months was 0.29 mm (95% CI: [0.07, 0.50], p = 0.08), as detailed in Table 2 .
Using alpha = 0.05 and equivalence bounds from −0.2 to 0.2 mm, the equivalence test was non-significant (p = 0.21). Based on the interpretation of the TOST p-value and graphic representation of the confidence interval (Figure 4) , the null hypothesis of non-equivalence of platform switching could not be rejected.
| Implant survival and success
One patient of the PS group lost two implants during the healing period. In the PM group, one patient (two implants) was declared a failure at the 24-month follow-up due to excessive bone loss but explantation was only performed at the 60-month visit. Also in the same group, one implant was removed at the 48-month visit due to infection and mobility. The global survival rate was 96.6% with no differences between groups (p = 0.647).
One PS implant with fracture of the restoration showed signs of radiolucency at the 60-month visit. At the same visit, a PM implant presented with a saucer-like bone defect compatible with peri-implantitis. 
F I G U R E 1 CONSORT flow chart of the study
| Prosthetic performance
Through the 5 years of the study, only two restorations required replacement, one due to lack of retention (PS) and one due to fracture (PM). Additionally, in the PS group there was decementation of one restoration and fracture of another.
| Plaque index, sulcus bleeding index and probing depth
Detailed results of the clinical outcomes are available in Table 3 .
The number of implants with no plaque slightly decreased over time but no differences were observed between groups. At 60 months, all implants were either scored 0 or 1. No major changes were observed for SBI in the follow-up appointments.
The PM group presented higher frequencies of implants with no bleeding but with no differences for the PS group. The mean pocket probing depth was within the clinically acceptable values throughout the study. No differences were observed between PS and PM (p = 0.746). It is now clear that the differences promoted by the use of PS abutments ensue loading and are stabilized after 24 months of function, as observed by the DIB progression over time (Figure 3 ).
| D ISCUSS I ON
This observation reinforces from a clinical point of view, the results of finite element analysis supporting the biomechanical theory (Canullo, Pace, Coelho, Sciubba, & Vozza, 2011; Maeda et al., 2007; Pessoa et al., 2014) . However, it is important to notice that the difference between groups increases when the whole period is considered, that is, from surgery to 60 months. This suggests that the use of PS healing abutments during the osseointegration stage also contributes to the better preservation of marginal bone and could be associated with the establishment of a more favourable peri-implant biological width, similar to the results described by Hermann, Buser, Schenk, Schoolfield, and Cochran (2001) . In this case, the wider soft tissue acts as seal (Sculean, Gruber, & Bosshardt, 2014) and further shifts the inflammatory content of the connective tissue inwards in the implant-abutment junction, reducing the effect of the surgical trauma-induced inflammation on the alveolar bone (Canullo, Pellegrini, et al., 2011; Luongo et al., 2008) .
The results of the current study oppose the absence of differences between matching and switching abutments reported in the single 5-year pragmatic randomized clinical trial available in the literature (Esposito et al., 2016) , but point in the same direction than those of the systematic reviews on the effect of the use of PS prosthetic components. The systematic reviews of Annibali et al. (2012) and Chrcanovic, Albrektsson, and Wennerberg (2015) reported average Main limitation of the present study is related to the exclusion of the implants that were inserted in the contra-lateral edentulous areas of patients that had already received implants. This second surgical procedure was considered a protocol violation because the parallel assignment was disregarded. The exclusion of those implants contributed for a considerable reduction in the initial implant sample size detailed in the study flow chart (Figure 1 ), which was not compensated because of the risk of overextension of the enrolment period that could compromise the feasibility of the study. This loss, however, did not compromise the minimal sample size determined a priori in the power analysis.
It is also important to notice that, as consequence of the radiographic evaluation method, peri-implant marginal bone levels were only assessed on a bi-dimensional scale, at the mesial and distal aspects of the implants. However, bone remodelling around dental implants is a tri-dimensional process that occurs as result of surgical trauma or saucerization. Measurement of buccal bone resorption, which is important in the support of the buccal soft tissues (Merheb, Quirynen, & Teughels, 2014 ), would only have been possible if patients were submitted to computed tomography (CT) or cone beam computed tomography (CBCT) in every appointment, which was not standard of care at the time the study was implemented and is probably an excessive radiation exposure for a regular follow-up. Periapical radiographs remain an adequate method to evaluate bone levels (Meijndert, Meijer, Raghoebar, & Vissink, 2004) , and the use of individualized sensor holders standardizes image acquisition throughout the follow-up periods, prevents image distortion and guarantees precision of the linear measurements.
Generalization of the present results must take into account the eligibility criteria to participate in the trial, namely the inclusion only of systemically healthy patients with healed edentulous sites and adequate bone volume to receive dental implants covered by at least 4 mm of keratinized soft tissue. The last, as reported by Hsu, Lin, and Wang (2017) , seems to be a crucial factor for the preservation of marginal bone levels, contributing for the success of the rehabilitations.
Notwithstanding that and taking into consideration the validity of these results, we believe that any patient receiving implants in any healed bounded or free end edentulous gaps would benefit from the use of PS prosthetic components from the early stages of the rehabilitation (i.e. from surgery onwards), as long as strict hygiene and motivation follow-up programme is established to ensure patient compliance.
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